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1 SEESsy
1.1 AR AR

ZSX Primus Il B X B4R 5 0 ( H AR 32
ONED) I A4 KW T B X ORA, IR TAEL R

# 1 XRF LGB

60 kV, i K TAEH L 130 mA | EL 2500 % ( H 25 FE/)
T 10 Pa) , ¥LEFHERE P30 mm, 43H7T T A 5%
W 1, Lifumat — 2.0 — Ox B Sy A5 AL AL (7 [
FIEH T ABRAA) .
1.2 b

XRF 5 Mt , 75 B — 241 5 1 0 FE 5 fe 2= 4l
BN AT R B R 8 T i S Y
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M i) 7, A S 2k B T 4 3 (GBWO07401 ~
GBW07408 ,GBW07423 ~ GBW07430) , 7k & Vi
(GBW07301 ~ GBWO07312) , 4+ 47 ( GBW 07101 ~
GBWO07114, GBWO7120 ~ GBWO7125 ) ; fit: Jii fib %+
( GBWO03112 ~ GBWO3114 ), # J& % +
(GBWO3115) , £ & 7 ( GBWO3116 ) , 4} 4T KE BY 355
(GBWO03117) , &% 4 (GBW03121 ~ GBW03122),
REK A7 (GBWO03123) , 5 A IF K & ( GBW03124 ~
GBWO03125) , i i £1 ( GBW03126 ~ GBW03127 ),
KEEA  ( GBWO3128 ~ GBWO3129 ), W A
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Table I ~ Working conditions of the XRF instrument

ok oawm aak o sam o osem 0 M g6 e o
(kV) (mA) LL UL
Na Ka RX25 S4 pPC 55 60 47.492 48.900 100 350
Mg Ka RX25 S4 pPC 55 60 39.060 40.500 100 350
Al Ka PET S4 PC 55 60 144.730 147.000 100 330
Si Ka PET S4 pPC 55 60 109. 042 111. 000 100 320
P Ka Ge S4 PC 55 60 141.042 143.300 80 300
Ka LiF1 S4 PC 55 60 136.588 139.500 100 300
Ca Ka LiF1 S4 pPC 55 60 113.062 115. 000 100 300
Ti Ka LiF1 S4 pPC 55 60 86. 106 88.500 100 320
Vv Ka LiF1 S4 pPC 55 60 77.002 74.000 100 320
Cr Ka LiF1 S4 pPC 55 60 69.306 74.000 130 320
Mn Ka LiF1 S4 SC 55 60 62.944 63.700 100 350
Fe Ka LiF1 S2 SC 55 60 57.476 58.800 80 350
Br Koy, LiF1 S2 SC 55 60 29.928 31.000 100 300
Rh Rh - Ko, LiF1 S2 SC 55 60 17.518 - 100 300
Rh Rh - Ke: LiF1 S2 SC 55 60 18.442 - 100 300

T PREHBEE A, R 409 1/1;Br I TACIE Al IR R T Rh NAPRICER
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Table 2 Content range of elements in the certified reference
materials
TR LA (%) TR FHEILH (%)
Na, O 0.0066 ~13.77 CaO 0.052 ~40.39
MgO 0.041 ~61.43 TiO, 0.0040 ~7.69
Al, 04 0.053 ~38.62 V, 05 0.0004 ~0. 14
Si0, 0.62 ~98.51 Cr, 0, 0.0004 ~1.57
P, 05 0.0030 ~0.92 MnO 0.0015 ~0.32
K,0 0.0041 ~9.6 TFe, 04 0.093 ~24.75

1.3 R

PUBIRR AR + fr R PR + UT0 VR 5 0 0] (5
Fekd.5:1:0.4) s, i AT 4 700°C £ ke
2 hjg# M.

TRACER AR . L st
1.4 9457051k

FREUEE 5 0. 7000 g( Fil S48 105°C T4 2 h)
7.0000 g PUBHFEREE - Ml EREE — FALERIR SR T
B R A), i A A &N (95%
BT +5% %), AT mL AR RIS R 5 YR 1 37 95
RS (1 g/ mL) B33 & TIAFEAL L, 78 800°C
W44k 2 min, FHE Z 1050°C £ 9 min (JA#E [ I}
FEATRESNI IS R, FRREA ml R S
BRI SRR . B TR a8 s A, R
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Table 3  Calibration curves of the components and matrix effect

correction

TLE FefE 2k i MERE SARRIEN TSI
Na,0  y=2.64274x -0.114574  0.9999 - -
MgO  y=0.930348x +0.0357911  0.9998 - -
ALO;  y=0.420649x —0.0226954  0.9999 Fe Br
Si0,  y=0.423045:-2.27949  0.9992 Na, Mg, Ca -
P,05 y=0.144936x -0.000210712  0.9987 - -
K0 y=0.0585628x —0.0343324  0.9997 - -
Ca0 y=0.0650356x —0.001972964 0.9999 Mg Ti
Ti0, y=0.0757955x —0.00999133  0.9997 Al -
V,05 y=0.0567832x +0.0102023  0.9976 - Ti
Cr,05 y=0.0296265x -0.0221646  0.9999 - v
MO y=0.0234417x -0.0037977  0.9966 Mg -
=22.2998 - 0. 0147243
(0% ~0.5%)

y =20.5091x +0. 128553
(0.5% ~30% )

Ty WA EHE (%) o NERIER RTHECR (keps) BN LE; TFe,) O3 K HE
M2 E LA Rh — Koe A5 PUBR, B8 A ) 55 10 1 0 B2 ol A &5
C =T RIRARIERE

0.9908 Si, Al -
TFe,05
0.9997 Si, Al -
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ﬁﬁ% o

) GBWO07109 (& EK %) .GBW0O7114 (H = *5 JiikiEwnE
%) F1 GBW07127 ( ﬁﬁ@ﬁ?ﬁ'ﬁ%ﬁ) %ﬁ]:u%_A/l\ﬁf‘HA , Table 5 Accuracy tests of the method
FIRR 1 s TAESRFE R IE 12 R ARSI GBWO07180 BEHERE i 1 BeHERE i 2
FE LRI AR PR HEY BT & i B AR JT R A TR | Ak MR | ANk MR | AL MR
PIAREIRZE o, SR JEHS 3 R brifEtm 22 (3o ) YE AT (%) (%) | (%) (%) | (%) (%)
R B, AR R HE BRI RE D) DL 4. AT I 1;42;’ ‘3‘2364 00- 03410 zgi (2) 2; (1) zf (1) ;1)
- "y N g . . . . . .
[F]. B Na,O &b, A< J5 B 46 H BR 29I F B 420 F Si0, 38.89  39.03 | 49.86 49.61 | 45.19 44.96
3(@([14}%@{@1:%*?&@5@&?%() P, 05 0.14 0.14 0.15 0.15 0.16 0.16
K,0 0.22  0.19 | 3.28 3.29 | 2,95 2.95
Ca0 0.096 0.12 | 1.15 1.14 | 1.07  1.06
4 JHEKHBR Ti0, 1.83  2.06 | 1.17  1.29 | 1.32  1.49
Table 4 Detection limits of the method V, 05 0.011  0.013 - - - -
— — Cr,0; | 0.012  0.011 - - - -
P TR (pe/) ez TR (/) MnO | 0.0016 0.0020 | 0.046 0.048 | 0.043  0.045
PHAE W IEEE TFe,0; | 0.35  0.41 1.80  2.03 1.75  2.00
N0 102 426 ) CaO 13 21 W - ORI T O R B L A
MgO 66 192 TiO, 9 27
AL O, 103 156 V,0, 5 23 . B . . .
sio, 21 180 || €0, 3 15 2.6 ARLECERGIRE - XRF) 5 A0 IE0 LA
RO 6 25 | w0 s 17 2.6.1  SHETEH IR - XRF 300 o
K,0 10 21 TFe, 0, 8 21

2.5 JidhRiEBE e

WL ASHL AT S BRRE A% 1. 4 15 S5 % AR
VLSRR 16 8 22 1 S 380 26 1R R BEAT I, PEAR 5
TR o A T0 R DN E 25 SR ARG BR g 22 (RSD)
533N Na, O (0. 63% ), MgO (0. 28% ) , Al, O,
(0.12%) . Si0, (0. 19%) , P, O5 (0. 68%) . K, O
(1.93%) , CaO (3. 69% ) , TiO, (0. 24% ) V, O;
(2.85% ) .Cr,0;(4.18% ) MnO(3.39% ) Fill TFe,0,
(0.52% ) o 53CHR[ 16 ] 438 A9 R 1 P00 R 48R 44 1
- XRF P AL A P S JC 3 A5 H 19 RSD %K
AT EE A SCI R Na, O MgO (Al 05, SiO, il P, 05 1
RSD G T SCHR AL , TFe, O5 1) RSD 15 SCHR AL AR
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{EHL BB 5 A 5 7 7™ 5 36 = 00 1 5 i A R AL
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Table 6 A comparison of analytical results of tourmaline
samples measured by fusion and powder pellet

preparation in XRF method

B —_— BNV AW (MR
R (%) W HIX R W MR
(%) (%) (%) (%)
Na,0 | 2.43 2.22 -8.5 2.27 -6.6
Mg0 | 8.40 8.34 -0.8 8.49 1.1
ALO; | 32.60 31.84 -2.3 32.76 0.5
Si0, | 36.24 35.36 -2.4 36.07 -0.5
P05 | 0.14 0.19 35.7 0.15 7.1
K0 | o0.11 0.13 18.2 0.12 9.1
Ca0 | 0.55 0.72 30.2 0.59 7.3
TiO, | 0.62 0.59 -4.8 0.61 -1.6
V05 | 0.027 0.036 32.0 0.026 -3.7
Cr,05 | 0.012 0.014 16.7 0.014 16.7
MnO | 0.024 0.030 20.8 0.025 4.2
TFe,05 | 5.07 5.32 4.9 5.16 1.8

T OREGHER S HER LT
Table 7 A comparison of analytical results of tourmaline
samples measured by this method with chemical

method

DQS -2 DQS -3

TR ARk fl2ii: Ky ek | AR fl2ii:
(%) (%) (%) (%) (%) (%)
Na,0 | 1.61 1.59 | 2.03 2.04 1.71 .73
MO | 5.65 5.5 | 0.60  0.52 |0.078 0.070*
ALO, | 19.63  19.48 | 27.89  27.99 | 29.92  29.77
Si0, | 40.79  40.65 | 39.57  39.69 | 52.99  52.74
P05 | 0.21 0.19 |0.009 o0.011 | 0.13 0.12
K0 | 0.18  0.17 |0.064  0.050 | 0.54  0.57
CaO | 7.47 738 | 0.57  0.49 1.19 1.10
TO, | 0.47  0.45 0.18  0.18 |0.010 0. 013"
V,05 | 0.033  0.034 - - - -
€0, | 0.023  0.024 - - - -
MnO | 0.13 0.13 0.26  0.24 | 0.035  0.031
TFe,0, | 8.77 8.64 | 1771 17.52 | 0.10  0.10

AR 7 B RO 3R RO R T PRI, ICP - OES 3% M 52 i
© = TIORRT RN R, B R AIE (.

DQS -4

3 i
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Determination of Twelve Major and Minor Elements in Tourmaline by

X-ray Fluorescence Spectrometry with Fusion Sample Preparation

XIA Chuan-bo'* | CHENG Xue-hai'*, ZHANG Hui-tang'”>, ZHAO Wei'*, WANG Qing'*
(1. Shandong Institute of Geological Sciences, Jinan 250013, China;
2. Key Laboratory of Geological Processes for Mineralization of Metal Minerals and Resource Utilization in

Shandong Province, Jinan 250013, China)

Highlights
* Twelve major and minor elements in tourmaline were determined by XRF with fusion sample preparation.

* This method solved the problem that tourmaline is difficult to decompose and the interference effect of boron

element.

* Accuracy, precision and detection limit of most elements were improved, and the method is simple, less time-

consuming and low cost.

Multi-eclemental determination
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Abstract: Tourmaline is a class of boron-bearing aluminosilicate minerals. It has a complex chemical component
and stable chemical property, and is difficult to decompose by wet methods. The high content of B, 0; makes it
difficult to simultaneously determine major and minor elements in tourmaline. X-ray Fluorescence Spectrometry
(XRF) was applied to determine Na, 0, MgO, Al,O,, SiO,, P,0,, K,0, CaO, TiO,, V,0,, Cr,0, MnO,
TFe, 0, in tourmaline samples with fusion sample preparation in this study. The dilution ratio of 1 : 10 was set for
the sample to flux lithium tetraborate-lithium metaborate-lithium fluoride ( quality ratio of 4.5: 1: 0.4) in order to
eliminate the particle size effect and mineral effect. When the tourmaline reference materials were unavailable,
soil, stream sediment and different types of rock reference materials were used to establish calibration curves. The
accuracy of the method was verified using reference materials that have chemical compositions similar to tourmaline.
The relative standard deviation (RSD, n =11) was less than 4.2% . The proposed method was used to determine
four different tourmaline samples, the results were in good agreement with the values obtained by wet chemical
methods. This method solved the problem that tourmaline is difficult to decompose and eliminated the interference
effect of boron. The analytical results are accurate and reliable. Compared with other methods, this method is easy
to operate and has a short analytical time.

Key words: tourmaline; major and minor elements; fusion sample preparation; X-ray Fluorescence Spectrometry



